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The Effects of Hydration Status and Blood Glucose on Mental Performance During
Extended Exercise in the Heat (60pp).
Director: Dr. Lew Curry
This study examined the differential affects of three hydration methodologies
(carbohydrate, glycerol, and placebo) on the mental performance of ten subjects during
three hours of treadmill walking and simulated line digging in a heated environment. Each
subject completed one three-hour exercise trial for each hydration methodology. The Paced
Auditory Serial Addition Task (PASAT) was used to assess mental performance and each
subject was given three practice tests before the first actual trial. The test required subjects
to add pairs of single-digit numbers heard via a tape recorder and respond verbally. A set
of 61 numbers was given at three speeds for each PASAT test and subjects were given the
test three times during each trial. All subjects completed a
test and exercise
intensity for each trial was set at 50% of this value. Measures of blood glucose, plasma
volume, body weight, rates of perceived exertion (RPE), heart rate, core and tympanic
body temperatures, and urine output were recorded at regular intervals throughout each
trial. A statistically significant difference between final scores in the carbohydrate and
placebo trials was found at the speed of one digit every 1.6 seconds (p=.017). At a speed
of one digit every 1.2 seconds, scores after 90 minutes and at the end of 180 minutes of
exercise were significantly h i ^ e r than baseline scores (p=.001). The carbohydrate trial
showed significantly higher values than the placebo trial. Females maintain more
consistent body weights than males at the end of the exercise trial (p=.0001). Males gained
more weight than females following the 90-minute pre-hydration period (p=.(XX)4). The
glycerol trial resulted in significantly higher plasma volume values following the pre
hydration period (p=.04). Females exhibited a greater ability to maintain plasma volume
(p=.046) over males. Blood glucose values were higher at all data collection points,
beginning with 60 minutes, during the carbohydrate trial (p=.0001). Rate of perceived
exertion scores were significantly greater than baseline measures (p=.0001) beginning at 90
minutes of exercise. The overall results of this study suggest that mental performance is
facilitated after long-duration, submaximal exercise in a heated environment and is better
maintained with carbohydrate than with glycerol or water. The increase in scores could be
attributed to a narrowing of attentional focus and arousal of the central nervous system.
The improvement with carbohydrate is most likely due to the increase in blood glucose
levels which facilitated brain function.
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Chapter One
THE PROBLEM

Introduction
Wildland firefighting requires strength and endurance under a variety of harsh
environmental conditions. Firefighters must possess the mental capacity to evaluate the
conditions which affect their situation. These firefighters must consider topography,
weather, and the potential burning qualities of the available fuels when predicting a fire’s
behavior (Clar & Chatten, 1975). Without cognition or the ability to make decisions in
changing environments and with changing physiological conditions, the hard and
dangerous work would accomplish very little.
Of equal importance, because of the hot dry conditions firefighters must endure,
hydration must be considered. During exercise in a heated environment, body water is lost
primarily through sweat output, causing a decrease in total blood volume (Sawka, 1992).
Without replenishing necessary bodily fluids, a condition termed hypohydration may
result. This causes an individual to experience an inability to self-regulate body
temperature, a decrease in cognitive functioning, and decrements in work capacity (Sawka,
1992). Consequently, prolonged aerobic exercise, such as that performed by wildland
firefighters, is more likely to be adversely affected by hypohydration.
Few published studies have linked hydration state with mental performance. One
study concluded that hydration state does affect mental performance (Gopinathan, Pichan,
& Sharma, 1988). This research found that impairment in performance was proportional to
the degree of dehydration. Although ingesting plain water following exercise has been
shown to offset dehydration, it also increases urine output. Thus, ingesting plain water has
limitations for firefighters in the applied setting. Adding glycerol to water has been shown
to improve hydration state by decreasing the amount of water lost to urine output.
However, the cognitive effects of this relationship have not been studied.
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Carbohydrate has been shown to enhance the ability to maintain blood glucose
levels during exercise (Coggan & Coyle, 1991). During bouts of exercise, carbohydrate
oxidation normally declines as muscle and liver glycogen stores fall to low levels
(American College of Sports Medicine, 1996). Ingestion of carbohydrate solutions has
been shown to improve long-duration exercise (greater than 1 hour) performance provided
that at least 45 g of carbohydrate are ingested each hour (Coggan & Coyle, 1991). The
mechanism by which performance is enhanced by carbohydrate is generally attributed to
increased reliance on carbohydrate as fuel for active muscles (Coggan & Coyle, 1991).
During intense exercise, the metabolic demand for carbohydrate is high, so, by satisfying
part of that demand, carbohydrate feedings help maintain carbohydrate oxidation (American
College of Sports Medicine, 1996). This ability of carbohydrate to sustain blood glucose
levels appears to be crucial to cognition, since a hypoglycemic state has been positively
linked to decreased mental function (Fourest-Fontecave, et al., 1987; Holmes, Hayford,
Gonzalez, & Weydert, 1983).
Although the relationship between physical exertion and mental performance has
been the subject of many research studies, results have yielded conflicting information.
Many studies have been performed which suggest that cognition is facilitated by brief,
high-intensity anaerobic exercise, short-duration moderate-intensity aerobic exercise, and
long-duration aerobic exercise (Andreassi, 1965; Davey, 1973; Gutin, 1966; Lybrand,
Andrews, & Ross, 1954; McGlynn, Laughlin & Bender, 1977 and 1979). Other research
has yielded results to the contrary; that physical exertion negatively affects mental
performance (Gutin & DiGennaro, 1968; SJoberg, 1980; Weingarten & Alexander, 1970).
Lastly, a few studies have found that the affects of physical exertion on mental performance
are nonsignificant (Fleury, Bard & Jobin, 1981 ; Zervas, 1990).
An additional source of controversy has been whether mental performance is best
measured by the quality or quantity of the work done. Some studies have employed
anaerobic interventions to represent physical exertion (Davey, 1973; Flynn, 1972) and
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others have used aerobic tests in this regard (Gutin, 1966; McAdam & Wang, 1967). The
duration of the exertion task varies greatly between studies as does the time of the testing
procedures. Some tests were given during the exercise bout (Levitt & Gutin, 1971 ;
McGlynn, Laughlin, & Bender, 1977) other researchers waited until after exercise to
administer the tests (Lybrand, Andrews, & Ross, 1954; Tomporowski, Ellis, & Stevens,
1985).
These conflicting results coupled with the lack of research on hydration
methodologies, illustrate that more research needs to be performed in order to determine the
affects of physical exertion on mental performance. Being able to relate the effects of
strenuous, firefighting-related exertion with mental performance and hydration
methodologies will have important implications for firefighters.

Problem
The purpose of this investigation is to determine the effects of strenuous
firefighting-related long-term exertion on cognitive functioning between three hydration
methodologies: carbohydrate, glycerol, and water (placebo).

Research Hypotheses
The ability of males and females to process information will be greater at three
different time intervals during long-term exertion with both glycerol and carbohydrate
feedings than with placebo. Carbohydrate feedings maintain blood glucose levels which,
in turn, favorably affects cognition. Similarly, ingesting glycerol with water has been
shown to improve hydration status and euhydration has been linked with improved
cognition. Thus, both of these beverages will more positively affect information
processing than will the placebo. There is not enough literature available comparing
glycerol with carbohydrate to make predictions about expected difference in cognitive
performance between these two methodologies.
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Sub hypothesis one
Body weight changes obtained during the glycerol trial will be smaller than those
observed during the carbohydrate and placebo trials.
rationale:
Glycerol enhances the body’s ability to retain fluid and decrease urine output.
Following ingestion of water alone, a greater amount of fluid is lost to urine output and,
therefore, body weight diminishes. During the glycerol trial, body weight will be more
stable due to the maintenance of body’s fluid reserve.

Sub hypothesis two
Changes in plasma volume during the glycerol trial will be smaller than changes
obtained during the placebo and carbohydrate trial.
rationale:
When an individual exercises in a heated environment, body water is primarily lost
through sweat output (Sawka, 1992). This increase in sweat rate causes a concomitant
decrease in plasma volume (Sawka, 1992). Glycerol will maintain the body’s fluid
reserves and, thus, plasma volume will be better maintained than with the placebo and
carbohydrate trials.

Sub hypothesis three
There will be lower values in rates of perceived exertion (RPE) at comparable
intervals during the glycerol and carbohydrate trials compared to the placebo trial.
rationale:
A study by Kang, Utter, Nieman, & Warren (1996) showed significantly lower
RPE scores with carbohydrate feedings than with water, beginning at 60 minutes of
submaximal exercise and thereafter. Montner, et al. ( 1996) found that glycerol-induced

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

hyperhydration significantly prolonged exercise time during submaximal load cycle
ergometry. Thus, it is proposed that subjective ratings of perceived exertion will follow the
same trend as carbohydrate feedings and be significantly lower than with the placebo.

Sub hypothesis fo u r
Blood glucose levels will show less of a decrement during the carbohydrate trial
than during the glycerol and placebo trials.
rationale:
Carbohydrate feedings have been shown to maintain blood glucose levels during
long-duration exercise trials, most likely due to an increase in carbohydrate metabolism
(American College of Sports Medicine, 1996). No studies have been located linking
glycerol with increases in blood glucose levels.

Significance
Results from this study will be made available to the United States Forest Service to
prepare and assist wildland firefighters with their job. Information obtained could be
valuable in any instances where mental performance could be affected by dehydration.
Such is the case with wildland firefighters whose lives depend on their ability to make
decisions while working in hot, dry conditions for extended periods of time. Any
decrement in mental performance on the fire scene could result in injury or, in extreme
cases, loss of life.

Limitations
i/ Pre-trialstandardization. Activities in which the subjects engage between trials
will not be regulated. However, subjects will be instructed to refrain from physical
activity 24 hours prior to each trial. They will be instructed to abstain from
alcohol, caffeine, and tobacco use twelve hours prior to each trial. And, they will
be instructed not to eat or ingest water eight hours prior to each trial.
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ii/ Intersubject dijferences in rates of learning the Paced Auditory Serial Addition
Test will not be accounted for. It is assumed that the three pre-trial learning
sessions will be sufficient to control for these differences.

iii/ Instrumentation. It is assumed that the PASAT test will be an accurate
measure of information processing.

iv/ Fitness Level. It is assumed that the fitness levels of the subjects are reflective
of the fitness levels observed in wildland firefighters.

Delimitations
i/ Type o f subjects. The subjects will consist of five male and five females who
are able to obtain maximum oxygen uptake values & 45 mL kg ‘min ‘. All subjects
will be volunteers recruited from The University of Montana campus.
ii/ Cognitive measure. The Paced Auditory Serial Addition Test (Gronwall,
1977), which looks at the rate of processing information, will be the measure of
mental performance used in this study.
iii/ Learning effects. Each subject will be given three practice tests in an effort to
negate the learning effect. This number was selected based on reports by Gronwall
( 1977) of moderate practice effects stopping at the second administration and
Stuss, Stethem, Hugenholtz, & Richard ( 1989) reporting reaching asymptote
between the fourth and fifth trials.

iv/ Testing procedure. During the actual trials, the PASAT will only be
administered during physical exertion due to the change in attentional capacity that
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treadmill walking may induce. Thus, the baseline measure will be obtained
identical conditions as the two subsequent measures.

Definition of Terms
Strenuous firefighting-related long-term exertion - The act of walking on a
motorized treadmill at a constant rate. The degree of physical exertion will be set
at 50% of peak oxygen uptake for each subject.

Mental Performance - An individual’s score for three different rates of the PASAT.
This test measures the rate of information processing by requiring the subject to
register sensory input, respond verbally, and attend to the next stimulus.

Hydration state - Can be divided into three states: hypohydration is when fluid loss
is greater than fluid intake. Euhydration is the state fluid balance. Hyperhydration
results when fluid intake is greater than fluid loss. Dehydration is a loss of body
water or the transition from euhydration to hypohydration.

PASAT (Faced Auditory Serial Addition Test) - A verbal test which requires
subjects to listen to a series of 61 randomized digits and add pairs of numbers so
that each digit is added to the digit immediately preceding it. The subject must
give their response verbally while listening for the next digit. This test will be
modified from the original test (Gronwall, 1977) and the slowest rate of 2.4s will
be omitted. This process is repeated three times at rates of one digit every 2.0,
1.6, and 1.2 seconds. The maximum score possible for each rate is 60.

Information Processing - Will be measures in this study by adding up scores for
each presentation rate of the Paced Auditory Serial Addition Test. This test has
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been shown by Gronwall and Sampson (1974) to be very sensitive to deficits in
ability to process information as rapidly as normal following head injuries.

Cognitive Functioning - The means by which people select and process
information. It is an automatic and unique function that is determined by how one
assigns meaning to events and to what one attributes the cause. (Willis &
Campbell, 1992).

Plasma volume - The portion of blood which is not protein based. This is obtained
by using measures of hematocrit (the percentage of packed cell distance to total
distance in a microhematocrit tube after centrifuging) and hemoglobin (the protein
portion of the blood).

Rate of Perceived Exertion (RPE) - A numerical scale from 6 through 20 which
has corresponding verbal phrases ranging from very, very light to very, very hard
(Borg, 1962). Using this scale during exertion allows subjects to verbalize
subjective feelings of systemic fatigue. In normal individuals, heart rate can be
predicted by multiplying the RPE value by 10 and adding 20-30 beats/min.
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Chapter Two
REVIEW OF LITERATURE

Information Processing
Before looking at the literature relating the effects of exercise to mental
performance, it is necessary to discuss how information is processed. In the standard
model o f information processing, there is a set of structures for storing data and a set of
processes by which information is transferred from one structure to another (Kihlstrom,
1987). In this model, information is received from the environment and transmitted by the
sensory receptors through a series of neural impulses. Information is then held for a brief
time in the sensory resisters before it is analyzed by processes known as pattern recognition
and feature detection. Then, according to a person’s focus of attention, certain information
is identified as meaningful and vital for current goal attainment This information is then
transferred to a structure termed short-term or primary memory where it can be further
analyzed. At this point, perceptual data is combined with information retrieved from
secondary or long-term memory. Short-term memory has an extremely limited capacity to
process information and, thus, is only a staging area for cognition which includes
processes such as judgment, problem-solving, and inference. Once the stimulus input is
analyzed, “a response is generated, and a trace of the event is permanently encoded in
secondary memory” (Kihlstrom, 1987).

Theories of attention and Information processings
Theories of attentional processes have been used to help explain how information
reception and processing influences the execution of cognitive and motor tasks. A basic
assumption in these theories of cognitive psychology is that the amount of attention that can
be allocated to various activities is limited, resulting in a bottleneck in information
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processing (Kihlstrom, 1987). Thus, when attempting to perform two or more tasks
concurrently, if attentional demands are greater than attentional resources, the tasks will
interfere with each other. However, the nature of the tasks play an important role in
determining attentional demands. Kahneman (1973) proposes that these tasks can be
divided into two separate areas. One area involves automatic processes, “such as with
memory for spatial location, time, and frequency” (Tomporowski & Ellis, 1986). These
occur “automatically” in the presence of a stimulus without conscious intent on the part of
the subject. Further, these are procedures which use little or no attentional resources. The
other area of processing involves procedures that require attentional effort, “such as
imagery, rehearsal, and mnemonic techniques” (Tomporowski & Ellis, 1986).
Kahneman (1973) further proposes that the amount of processing capacity invested
in a certain task is influenced by task difficulty, incentive, motivational factors and physical
arousal. Easterbrook’s cue-utilization model (1959) supports this theory and adds that any
variation in physical arousal will produce a change in attentional processes. Specifically,
an increase in arousal will result in a narrowing of attention to those components of a task
that are central to performance. Conversely, attention will be reduced to those elements that
play a limited or less essential role in performance.
The attentional control theory, proposed by Nideffer (1976), supports the idea that
attention is narrowed during periods of increased arousal, but suggests that internal events,
such as feelings and thoughts, influence the direction of attention during psychomotor
tasks, as well. Although Nideffer has generated little research to support this theory, the
possibility that individual differences and previous experience may affect attention is an
important concept.
Physiological theories relating mental performance with physical activity have also
been proposed to explain adverse changes in cognition. The changes may be related to the
fact that the highest level of coordination and control of human activity resides in the
cerebral cortex. Since the cortex has the highest metabolic rate in the central nervous
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system, it is most vulnerable to cessation of activity due to oxygen deprivation (Wenger,
Jones, & Jones, 1956). Hebb (1955) suggested that the biochemical changes in the blood
brought on by strenuous exercise may interfere with the precise functioning of the cerebral
cortex. He further stated that with increased physical activity, a variety of physiological
responses occur which may interfere with the individual’s ability to respond to multiple
intellectual tasks simultaneously. Similarly, Deese (1962) suggested that tasks requiring a
high degree of vigilance may be adversely affected by increased physiological changes in
the respiratory and cardiovascular systems brought on by exercise.

Mental Performance and Physical activity
Although theories of attention and information processing can help clarify the
relationship between physical activity and mental performance, applying them to actual
research findings has proven to be more difficult. Much of this incompatibility stems from
the procedural differences underlying the body of research findings. Specifically, there is a
lack of standardization with respect to both exercise methodology and measures of mental
performance. Looking at the array of methodologies employed, differences within the
body of research fall into four categories: (1) fitness level of the subjects prior to the
exercise intervention; (2) intensity and duration of exercise intervention; (3) nature of the
tasks selected to assess mental performance; and (4) the timing of the administration of the
mental tasks to the subjects.

Fitness Level
Mental performance seems to be related to fitness in that physically fit subjects
perform significantly better than the unfit subjects on various mental tasks. Gutin &
DiGennaro ( 1968b) asked 72 male college students to perform a four-minute test of
addition on two separate days. One trial was preceded by a treadmill run to exhaustion at 7
mph at a grade of 8.6 degrees and the other trial followed no physical exertion. They

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

12

found that the higher fitness group (those taking a longer time to complete the treadmill run)
performed better on the addition test following the run than during the control condition. In
addition, the low fitness group was more adversely affected by the exertion than the high
fitness group, especially during the first two minutes after the run.
A separate study by Gutin & DiGennaro (1968a) also found a tendency for
conditioned subjects to improve in accuracy of addition as a result of 5-minute step-ups,
whereas the unconditioned subjects tended to do more poorly following the exercise
intervention. Similarly, a study by Zervas, Apostolos, & Klissouras (1991) divided nine
sets of teenage male twins into two groups. One group followed a training program for 25
weeks, while the other did not. After such time, both groups were subjected to a
perceptual identification task, exercised for 25 minutes, and then re-tested on the metal
task. It was found that the trained group performed better following the exercise than did
the untrained group. In addition, the trained group was significantly faster at arriving at the
correct answers.

Intensity and duration o f exercise interventions
The intensity and duration of the exercise intervention affects mental performance
because different exercises produce different physiological states. The type of fatigueinducing activity, in terms of its non-oxidative and oxidative requirements, may be an
important factor influencing changes from physical exertion. The term for metabolic
processes that do not rely on the presence of oxygen to produce energy is anaerobic. By
contrast, aerobic interventions do require the presence of oxygen for the production of
energy for muscle contractions. Further, aerobic energy production requires the subject to
engage in a constant level of activity for an extended period of time, such as with running,
swimming, or bicycling.
A number of researchers have investigated the effects of anaerobic exercise on
mental processes. One of the first to study the relationship of very brief, high intensity
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anaerobic exercise was Bills (1927). He used hand dynamometers as a means of
increasing muscular tension. The mental tasks consisted of learning lists of nonsense
syllables, lists of paired associated words, and naming letters. He found that this type of
exertion increased the efficiency of mental work. This conclusion was supported by other
studies (Andreassi, 1965; Courts, 1939; Shaw, 1956) in which either hand dynamometers
or weights were used as the exercise intervention.
Many other studies have used high-intensity anaerobic exercise tasks of slightly
longer duration. Such tasks require the subject to exert relatively high levels of muscular
power, such as with arm ergometers, rapid running, or step tests. In these studies, while
the intensity of work demanded is increased rapidly and then remains constant, the duration
is typically less than 15 minutes. For instance, Davey (1973) looked at short-term memory
after subjects performed two minutes of strenuous exercise on a bicycle ergometer. He
found that cognition was facilitated after this brief exertion. However, another test by
Davey (1973) found that mental performance increased following exercise bouts of both 30
seconds and 2 minutes, whereas mental performance after 10 minutes of exercise
decreased. Similar findings were reported by Gupta, Sharma, and Jaspal (1974) when
they looked at mental performance after varying lengths of step-up exercise. A significant
improvement in mental performance was noted after two and five minutes of exertion,
while a significant decrease was evident after 10 and 15 minutes of step-ups.
On the other hand, conflicting results were obtained by other researchers who used
similar anaerobic exercise interventions. Flynn (1972) looked at cognition following sixminute bicycle ergometer tests of varying intensity. He found no difference in performance
of simple arithmetic between any of the trials. Similar results were obtained by Hammerton
(1971), Phillips (1963), Gutin & DiGennaro (1968a), to name a few.
A significant number of studies have looked at the effects of short-duration,
moderate-intensity exercise on cognition. In these investigations, the duration was
typically under 15 minutes and the exercise interventions were aerobic in nature. The
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majority of these studies tend to support the position that cognitive functioning is facilitated
by physical exertion. However, most of these studies separated subjects according to level
of fitness, introducing a second variable. Again, physically fit individuals performed better
following moderate aerobic exercise than less fit individuals. For example, Weingarten &
Alexander ( 1970) looked at pre and post-test measures of mental ability following a 10minute treadmill run at 60% of the subject’s VO,„ „ . Decrements in performance were
noted, but only for the less-fit subjects. Similar results were reported by Sjoberg (1980)
following a 12-minute bicycle ergometer test at three different submaximal levels. The
performance on a multiplication test by subjects immediately following exercise was better
in the average fitness group than in the low fitness group.
Finally, relatively few tests have looked at the affects of aerobic endurance exercise
on cognitive processes. Again, however, results have been conflicting. An early
investigation by Lybrand, Andrews, & Ross (1954) measured the effects of a five-mile
march with a 401b backpack on the perceptual ability of college students. They found that
scores were higher following the exercise than non-exercise and sleep-deprivation
conditions. Similarly, a study by Gliner, Matsen-Twisdale, Horvath, & Maron (1979)
determined that following a marathon, subjects performed better on a signal-detection task.
Additionally, subjects made fewer false-positive responses for several hours following the
completion of the marathon, suggesting an increase in sensitivity. In a more recent
investigation, Zervas ( 1990) studied the effects of a 40-minute aerobic bout on verbal,
visuospacial, and numerical ability. According to his results, there were no changes in
performance between pre and post-test measures. Again, lack of standard methodology
may have played a role in the contradictory findings.

Nature o f the task selected fo r measuring mental performance
Throughout the large body of research, a vast array of mental tasks have been
utilized to assess mental performance. A great many have used mathematical tasks (Flynn,
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1972; Gupta, Sharma, & Jaspal, 1974; Gutin & DiGennaro, 1968a), while others have
relied on tests of reaction time (Gliner et.al., 1979; Levitt & Gutin, 1971), Still other test
have utilized measures of perceptual organization ( Lybrand, Andrews & Ross, 1954;
Andreassi, 1965; Bills, 1927). Hence, many of the tests differ in their ability to isolate
various types of mental processes. In addition, not all of the cognitive tests have been
tested for validity and reliability, making the results questionable.

Timing o f administration o f the tests
One last variable in the methodologies of the existing body of research lies in the
timing of the administration of the mental tests. Tests which are given during an exercise
trial may bring about different results than tests which are given before and after exercise.
This hypothesis is supported Sjoberg (1980) who found no differences in mental
performance during aerobic exercise, but significant differences following exertion. By
contrast, McGlyim, Laughlin, & Bender (1977 and 1979) found contrary results in their
investigation of anaerobic exercise. They concluded that mental performance was enhanced
during a 12-minute treadmill run, as well as after exercise. But, again, because of the lack
of standardization in the various independent variables, it is difficult to determine the exact
relationship between when the tests were given and mental performance.

Physiology and hydration state
Hydration state can be affected by exertion and, thus, its affect on mental
performance is also important when assessing the effects of exercise in wildland
firefighters. Much research has investigated the effects of body water loss on physiological
variables and exercise performance. During exercise, total body metabolic rate increases to
provide energy for muscle contraction (Sawka, 1992). Depending on the exercise,
between 70% and 100% of metabolism is given off as heat in order for the body to
maintain heat balance (Sawka, 1992). Further, the higher the environmental temperature.
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the greater the dependence on sweating to permit cooling of the body (Sawka, 1992).
Disturbances in body fluid balance and temperature can impair exercise performance and
are potentially life-threatening (Astrand & Rodahl, 1986). Therefore, fluid intake during or
after exercise is intended to replace the water and electrolytes that are lost to sweat
secretion. Taking this concept one step further, if a person is able to achieve a state of
hyperhydration, a reservoir of fluid can be established to offset the potential fluid loss
during exercise. However, ingesting large volumes of plain water following exercise, has
been shown to reduce thirst, limiting further intake, and to increase urine output (Shirreffs,
Taylor, Leiper, & Maughan, 1996).
Research has also shown that the hyperhydrated state can be extended by adding
glycerol to the water that is ingested (Riedesel, 1987). Due to the osmotic action of
glycerol, when it is absorbed by the body’s fluid compartments, water will follow it
(Lyons, 1993). The end result of this is that excess fluid in the body will be removed from
the bloodstream and won’t be lost to urine output (Lyons, 1993). Further, the effects of
glycerol added to fluid has been shown to postpone the onset of hypohydration for up to 4
hours (Riedesel, 1987). This finding could have important ramifications for the wildland
firefighter, for whom maintaining hydration is vital.

Hydration state and mental performance
In addition to affecting physiological measures, hypohydration has been shown to
negatively impact cognitive performance (Adolph, 1947; Gopinathan, 1988). And, since
many athletic and job-related tasks depend on both physiological variables and decision
making ability, the implications of the latter situation must be looked at closely.
Gopinathan et. al. (1988) looked at the mental performance in eleven young male soldiers
following 30-120 minutes of step-ups in a heat chamber. Different degrees of body
dehydration ( 1%, 2% , 3% , and 4%) were induced. The cognitive tests included a wordrecognition test, a serial addition test, and a task involving motor speed and attention. The
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impairment in all of die mental tests was proportional to the degree of dehydration.
Furthermore, significance of p < .001 was found at 2% dehydration for all of the tests.
Other studies that have looked solely at the effect of short-term exposure to heatstress have shown either improvement or no change in mental performance. For instance,
a study by Ramsey, Dayal, & Ghahramani (1975) which looked at the cognitive changes
following three levels of heat stress, found no performance decrements in arithmetic ability
after exposure to 40 degrees Celsius for 45 minutes. It was suggested that the dehydration
might not have reached the important 2% level needed to induce deficits. Cohen (1983)
provides another hypothesis to explain the deficit in cognition that occurs when dehydration
reaches 2%. Referring back to the attentional theories, he suggests that stress may compete
for attention, thereby reducing the amount of attention available for executing the cognitive
tasks. Hence, mental performance is adversely affected.

Physiology and carbohydrate
Normal brain function is dependent upon adequate delivery of glucose as a
metabolic fuel (Ipp & Forster, 1987). In non-fasting conditions, glucose is the sole
substrate providing energy to the brain (Marks, 1981; Holmes, Hayford, Gonzalez &
Weydert, 1983). Since relatively little glucose can be stored in the brain, it is critically
dependent on ambient blood glucose stores for normal neuronal functioning (Himwich,
1951 ; Marks & Rose, 1965; Ingvar & Lassen, 1975). Thus, lack of glucose often leads to
impairment of consciousness, seizures, or even death (Ipp & Forster, 1987). Disruption in
neuronal activity, including changes in cortical cellular and EEG activity, have been
reported during glucose deprivation (Davis, 1943).
Several defense mechanisms help maintain plasma glucose levels within limits in
order to ensure continued brain function (Cryer, 1981; Gerich, Cryer, & Rizza, 1980).
The central nervous system reaction to a decrease in plasma glucose level is initiated by the
activation of glucose-sensitive receptors in the central nervous system (Cane & Bergman,
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1986; Mayer & Edward, 1968). This signal travels along several neural and endocrine
pathways and results in the secretion of hormones and neurotransmitters that increase
hepatic glucose production and, therefore, the delivery of glucose to the brain (Cryer &
Gerich, 1985; Rizza, Cryer, & Gerich, 1979; Cane & Bergman, 1986).

Carbohydrate and Mental Performance
The interrelationship between blood glucose deprivation and brain function has
been studied fairly extensively. It has been shown that as blood glucose concentrations fall
from 40 mg/dL to 10-15 mg/dL, speech becomes slurred, convulsions may occur, and
coma often results (Arky, 1979). Similarly, a decrement in cognitive performance has been
illustrated at these severely hypoglycemic levels. Ipp & Forster (1987) found that when
hypoglycemia was induced by insulin injection (plasma glucose < 42mg/dL or 2.3
mmol/L), cognitive function was impaired as demonstrated by a delay in completion of the
trail-making test. However, when mild glucose reductions were induced (plasma glucose
= 62 mg/dL dtSmg/dL or 3.4mmol/L ±.2mmol/L), no significant differences in
performance on a series of trail-making tests was found. These findings suggest that
cognitive function may be spared during mild plasma glucose reductions.
Russell & Rix-Trott (1975) demonstrated slowed motor responding on a pegboard
task and reduced simple word recall performance at low blood glucose levels. And, while
accuracy on a more complex task involving logical reasoning was not impaired, problem
solving was slowed. Holmes, Hayford, & Gonzalez (1983) assessed fine motor skills and
attention, measured by visual reaction time, during hypoglycemia (60 mg/dL), euglycemia
(110 mg/dL), and hyperglycemia (300 mg/dL). Both attention and fine motor skills were
slowed at altered glucose levels. However, performance was less impaired during
hyperglycemia than hypoglycemia. Additionally, the time required to solve simple addition
problems was increased during hypoglycemia, while reading comprehension was
unaffected.
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One theory to explain the differential effects of hypo- and hyperglycemia is that
more automatic brain functioning, which involves less complex information analysis
(perception, simple motor responding, memory), may be affected by blood glucose
differences, while higher level cognitive skills, such as required for reading
comprehension, may experience less detectable or no impairment during abnormal glucose
levels. Another possible explanation is that central processing skills necessary to mediate
speed of responding on sensory, motor, or memory tasks may be impaired, but when
multiple redundant informational cues are present, such as in reading, subjects may be
better able to compensate for the negative effects of abnormal blood glucose levels on their
performance.
Fourest-Fontecave et al ( 1987) found that when hypoglycemia was preceded by 72
hours of fasting, it did not result in decrements in reaction time to a visual signal or a verbal
mental clearness test. So, while mental alertness was reduced by moderate hypoglycemia
after a simple overnight fast, similar hypoglycemia did not reduce mental alertness after
prolonged fasting. Thus, there may be a decreased dependency on glucose by the central
nervous system during prolonged fasting.
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Chapter Three
METHODOLOGY

Setting
All testing took place in the Health and Human Performance Exercise Science
Laboratory at The University of Montana. The exercise trials took place in the heat
chamber located in the laboratory. All cognitive tests occurred in the laboratory as well.

Subjects
The subjects for the study consisted of five males and five females with maximal
oxygen uptake capacities s 45mL kg ‘min *. All subjects were volunteers and were
required to read and sign a University of Montana IRB-approved informed consent form
before testing began. All subjects were free of any physical and mental conditions that
could have been aggravated during the study. A health history questionnaire was
completed by all subjects. Subjects were told that their results could be obtained upon
termination of their involvement in the experiment.
Subjects were instructed to refrain from physical activity within 24 hours of each of
the trials. They were told not to use tobacco or consume alcohol or caffeinated beverages
within twelve hours of the trial. They were asked to refrain from eating or ingesting any
beverages eight hours prior to each trial. Data was collected on body weight, maximal
VOj, pulaski digging pace before completing three submaximal exercise trials in a 90® heat
chamber. Prior to the three submaximal tests, subjects were also required to complete three
practice tests which measured rate of information processing.

20
R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

21

Measures
M ental Test
Some important criteria were established for purposes of selecting the proper mental
task (1) the task was such that learning effect could be minimized prior to actual testing; (2)
the mental task was sensitive to minor changes in performance within a relatively short time
frame; (3) the mental task could be administered in a short period of time.
The PASAT test (Gronwall, 1977; Gronwall & Sampson, 1974) satisfied this
criteria and, thus, was used to assess mental performance. This is a verbal test which
required subjects to listen to a series of 61 randomized single digits and add pairs of
numbers so that each digit is added to the digit immediately preceding it. The subject gave
their response verbally while listening for the next digit The test was modified from that
used by Gronwall (1977) in that the slowest speed of one digit every 2.4 seconds was
eliminated from the testing procedure. Therefore, the testing process was repeated three
times at rates of one digit every 2.0, 1.6, and 1.2 seconds. The maximum score possible
for each rate was 60. The test was administered by playing a pre-recorded cassette tape on
a tape player (GPX stereo cassette recorder). Both the subject and the person recording the
answers heard the tape through headphones in order to filter out as much extraneous noise
as possible. The volume was adjusted to a comfortable level for each subject. Each
subject’s verbal responses was recorded on an answer sheet by trained personnel.

Pre-trial Measures
M aximal VO2 Treadmill Test
The maximal VO^ treadmill test took place on a Quinton Q-65 motorized treadmill.
Data was collected using a Aerosport Teem 100 Metabolic system with a medium-flow ( 10120 L min ‘) pneumotach. Prior to each test, the metabolic system was calibrated with a
three liter canister using gases of a known concentration. The test protocol consisted of
three stages of four minutes in length, followed by one minute stages of increasing speed.
The grade remained at 10% throughout the protocol. The speeds for the first three stages
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were 2.0,3.0, and 4.0 mph. A t the end of the 12th minute, the speed increased by l/2mph
each minute. Heart rate was continuously monitored using a Polar Schwinn PM-600 heart
rate monitor. All subjects were given a verbal overview of the protocol and instructions on
how to terminate the test upon reaching volitional exhaustion. Data was recorded every 20
seconds for VO^ (L-min* and m L k g * m in ‘). Peak treadmill VO^ was determined to be
the highest value obtained during the test. Speed was plotted against averaged oxygen
uptake values for each stage and a linear regression was created. Each subject’s workload
for the exercise trials was set at 50% of peak treadmill VOj.

Pulaski Hand Treadmill
Following the maximum VO; testing, subjects were given a 15 minutes rest period
and then given a practice session on the pulaski hand treadmill. They were instructed as to
the proper method of digging and given a demonstration. After each subject established a
rhythm, they were asked to select a pace on the metronome which they felt they could
sustain for several hours. This number was recorded and used as the digging pace for each
five minute simulated digging interval during the actual trials.

Pre-TrialLearning
An orientation was provided for all subjects in order to familiarize them with the
purpose of the study, as well as the procedures involved. Prior to participating in the actual
performance trials, each subject was given the PASAT in order to familiarize them with the
testing procedure. Since previous research found that a practice effect stopped between the
second and fourth administration (Gronwall, 1977; Stuss, et al., 1989), the test was
administered three times prior to the first actual performance trial. Two of these practice
tests took place during the week prior to the first actual trial. Two of these trials were
administered while subjects walked on the treadmill in order to familiarize subjects with the
actual protocol of the trials. By familiarizing subjects with the test, it was expected that
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subjects would reach asymptote in the learning curve, thus minimizing additional learning
effects.

Pre~hydration period
Subjects were required to perform the exercise trial on three separate occasions with
at least one week separating the trials. In order to determine the differential effects of
carbohydrate, glycerol, and the placebo, a 90-minute hydration period was established
prior to each exercise trial. During this time, subjects ingested one-third of the appropriate
pre-hydration beverage every half hour throughout the 90 minutes. During the actual
exercise, subjects were given a pre-measured amount of an appropriate beverage to drink
every thirty minutes beginning at time = 30 minutes. The placebo trial consisted of water
prior to and during exercise. The total amount given pre-trial contained 21.4 mL water per
kilogram of body weight During exercise in the placebo trial, the amount of liquid to be
ingested every thirty minutes was calculated based on 5mL of water per kilogram of body
weight.
During the carbohydrate trial, subjects were given water pre-trial and a dextrose
beverage during exercise. The pre-trial water beverage was calculated in the same manner
as the placebo. The dextrose drink was mixed at a 7% concentration; therefore, ,7 grams
o f dextrose per kilogram body weight was multiplied by 2 1/2 hours to yield total grams of
carbohydrate. To determine the appropriate amount of water needed to make this a 1%
solution, the total grams of dextrose were divided by .07. This amount of total solution
was divided by five in order to determine the quantity of liquid to be ingested every 1/2
hour.
For the glycerol trial, a glycerol beverage was ingested prior to exercise and water
was consumed during exercise. The glycerol drink was mixed at a ratio of 1 gram of
glycerol per kilogram of body weight with 21.4 mL of water per kilogram of body weight.
The water beverage was calculated the same way as the placebo drinks and portioned into
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five equal amounts. Determination of the order of beverages followed a double blind
design. All beverages contained saccharin to mask the beverage contents and were colored
with orange food coloring to give them a similar appearance.
Initial body weight and a blood sample was obtained prior to ingesting any liquid.
Prior to the end of the 90 minutes, subjects were instructed as to proper placement and
were asked to insert a rectal thermometer (YSI, model 4000A) to a depth of 10 cm for
recording core body temperature throughout the exercise trial. A Polar chest-strap heart
rate monitor was secured in place and an intravenous catheter was inserted in an antecubital
vein so that blood could be drawn at 1/2 hour intervals. A solution of normal saline was
infused at a rate of approximately 1-2 mL per minute throughout each trial in order to keep
the line patent. The actual drip rate was counted at 15 minute intervals and the amount of
saline infused was calculated (average drip rate per 30 seconds

60 drips per minute x 30

minutes). The amount infused was then subtracted from the amount of liquid to be
ingested orally by the subject. Tympanic temperature was obtained with a Exergen
Ototemp 3000 infrared temperature scanner just before subjects entered the heat chamber
and at 1/2 hour intervals throughout the trial. Body weight was measured prior to the
exercise trial, as well.

Physiological Measures
Change in plasma volume (mL) and blood glucose (mmol/L) were both measured
by drawing blood from the subjects at eight intervals throughout each trial. Blood plasma
from each blood draw was separated from blood proteins using a Jouan MR22 centrifuge.
Approximately 1-3 mL was then pipetted into a separate container for glucose analysis.
Blood glucose was analyzed using a Y S I2300 Stat glucose/lactate analyzer. Since
carbohydrate feedings have been shown to increase the ability to maintain blood glucose
levels, any relationship between blood glucose level and mental performance could be
determined through blood assays.
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Determination of plasma volume was made through measures of hemoglobin and
hematocrit. Twenty pi\ of whole blood was placed in 3mL of drabkins reagent, incubated
for 20 minutes at room temperature, and absorbance was measured at 520imi on a Milton
Roy Spectronic 401 spectrophotometer. A hemoglobin standard was then used to assess
hemoglobin concentration. Hematocrit was determined by filling a 40/rl microhematocrit
tube to the proper level and spinning it in a Jouan A 13 microcentrifuge for 5 minutes. The
hematocrit value, expressed as the percentage of packed cell distance to total distance, was
multiplied by .96 to account for any plasma trapped in the cell mass. Plasma volume was
then calculated based on the following formula:
% change = 100 [(hgbp„/Hgbp„J x (l-hctp„,, xlO'^)/(l-hctj„ x 10 ^)] -1 0 0
Body weight was measured after each hour of exercise. A digital scale (Toledo)
was used and weight was recorded in kilograms. Rate of Perceived Exertion (Borg, 1962)
was assessed every 1/2 hour during exercise by asking subjects to verbally select a number
from 6 to 20 on the Borg scale.

Procedure
Exercise Testing Protocol
Each subject participated in three exercise trials consisting of a 1 1/2 hour pre
hydration period, followed by three hours on a Quinton model 643 walking treadmill in a
heat chamber. Temperature was kept at 90 degrees Fahrenheit (range = 86* - 98*) with
humidity ranging from 24-43% (very dry). During each hour of exercise, subjects got off
the walking treadmill and used the pulaski hand treadmill for five minutes. Actual
workload for each subject was set at 50% of their peak VOj value as determined by a linear
regression. An Aerosport Teem 100 metabolic system with a medium flow pneumotach
was used once each hour for three minutes in order to ensure that proper workload was
being maintained. Calibration procedures followed those used in the peak VO^ test.
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Five minutes after beginning the exercise trial, subjects were asked to perform the
first PASAT test. Every 15 minutes, measures of heart rate and core temperature were
obtained. At 30 minutes past each hour, the treadmill was stopped, a blood sample was
drawn, and tympanic temperature was obtained. Once these were obtained, subjects were
instructed to “dig” on the pulaski treadmill for 5 minutes at the same rate as the metronome.
Following this, they resumed walking on the treadmill. At the end of each hour, subjects
were weighed, blood was drawn, and subjects were given a 5 minute rest while remaining
in the heat chamber. Subjects were asked for a rate of perceived exertion measure (Borg,
1962) at 30 minute intervals just prior to stepping off the treadmill.
The same pattern was followed each hour for the duration of the three hour trial.
The PASAT test was administered two more times: 80 minutes into the exercise trial and,
just prior to completion, at time = 175 minutes. In each case, subjects continued to walk
on the treadmill while the test was given. Only the subject and the tester remained in the
chamber during the test and extraneous noise was kept to a minimum. After 180 minutes,
subjects were given a five minute rest and then asked to complete a performance measure
on the pulaski treadmill. For the performance trial, they were instructed to complete 500
revolutions on the treadmill as quickly as possible. This concluded the exercise portion of
the trial. After the final measure of body weight was obtained, subjects were allowed to
step out of the heat chamber. Throughout the trial, urine output was collected and the
volume and weight were used to calculate other physiological variables which were not part
of this study.
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Analysis of Data
A 3x2x3 mixed design repeated measures analysis of variance (ANOVA) was used
to determine significant main effects and interactions of hydration methodology, gender,
and three intervals of the PASAT test at each particular speed. A 3x2x8 mixed design
repeated measures ANOVA looked at significant blood glucose changes. A 3x2x7 mixed
design repeated measures ANOVA examined significance with RPE data. A 2x3x4 mixed
design repeated measures ANOVA was used for changes in plasma volume and changes in
body weight. Statistical significance was set at p<.05 and, when found, contrasts for each
variable were performed. In each case, the p-value was adjusted in order to protect against
a type I error (.05 - [(.05*df)/# comparisons]). Post hoc tests could not be performed due
to the presence of both within and between factors.
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Chapter IV
RESULTS

All ten subjects completed the protocol for each trial. Table 1 lists the descriptive data of
the subjects tested, as well as maximal oxygen uptake values. The mean temperature in the
heat chamber was 90.7°F ±1.5 with a relative humidity of 30.6% ±4.0.

Table 4.1

Subject Demographics and Maximal Treadmill V
Data.
Total (N=10)
Variable
Females (N=5)
Males (N=5)
Mean
SD
Mean
SD
Mean
SD
Age (yr.)
25.6
± 6.35
27.0 ± 8.83
24.2 ± 2.77
Height (in)
69.0 ± 2.03
66.75 ± 3.00
64.5 ± 1.87
Weight (kg)
62.46 ± 4 .5 3
80.85 ± 10.38
71.65 ± 12.29
53.89 ± 7.67
52.47 ± 6.01
51.04 ± 3 .7 9
V 0 2 p,3k(mL- kg '- min ')

PASAT Test
Speed of 2.0
A 3x2x3 mixed design, repeated measures analysis of variance (ANOVA) was used
to assess statistical significance at a speed of one digit every 2.0 seconds. When the
PASAT test was administered at this speed, no significant interactions were found between
time and trial (p=.46), time and gender (p=.50), or trial and gender (p=.34). There was no
difference for the main effects of gender (p=.054), hydration methodology (p=.650), and
time (p=. 112).

Speed of 1.6
A 3x2x3 mixed design, repeated measures ANOVA was used to assess PASAT
scores at a speed of one digit every 1.6 seconds. For all contrasts performed between
variables to determine location of significance, the p-value was adjusted in order to protect
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against the possibility of a type I error. There was a significant trial by time interaction
(p=.017) at an adjusted p-value of a .028. This difference was found to be between final
PASAT scores in the placebo trial and the carbohydrate trial (p=.001), with the
carbohydrate trial showing greater scores than the placebo. There was no difference
between final scores in the glycerol and placebo trials (p=. 117) or the carbohydrate and
glycerol trials (p=.052). There was no significant trial and gender interaction (p=.62) or
time and gender interaction (p=.60). The main effect of gender was non-significant
(p=.18).
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Figure 4.1. A Comparison of PASAT Scores at a Speed of 1.6 for Time Point and
Trial (*p<0.05 adjusted - carlxjhydrate vs. placebo).
Speed of 1.2
A 3x2x3 mixed design, repeated measures ANOVA was used to analyze PASAT
scores at the fastest speed, one digit every 1.2 seconds. There were no significant
interactions between trial and time (p=.98), trial and gender (p=. 18), or time and gender
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(p=.710). The main effect of time was significant (p=.001), with higher scores occurring
at the final administration compared to the baseline measure (p=.001) and the midpoint
score being greater than the baseline value (p=.001). Again, the p-value was adjusted to
decrease the possibility of a type I error, yielding a value of ps.017. Significance was also
found for the main effect of trial (p=.05), with carbohydrate values being significantly
greater than placebo values (p=.017). Although this is a borderline result, significance can
be accepted when the p-value is equal to or less than the selected a-level (Howell, 1989;
Siegel & Castellan, 1988; Thomas & Nelson, 1990). No significance was found for the
main effect of gender (p=.47).
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Figure 4.2

A Comparison of PASAT Scores at a Speed of 1.2 by Time Point and Trial
*p<0.05 adjusted - main effect of time (from baseline values); 4-p:s0.05
adjusted - main effect of trial (carbohydrate vs. placebo)
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PASAT Learning Curve Trends
A 3x2x3 ANOVA was run to look at each PASAT test sequentially for each speed
in order to examine whether a learning effect had continued after the initial practice tests. A
significant interaction was found between trial order and speed (p=.037). The p-value was
then adjusted yielding a value of ps.028. Subjects increased their scores significantly
between trial one and trial two (p=.013) and between trial one and trial three (p=.0005) at a
speed o f 2.0s. Significance was found between trials one and two (p=.005) and one and
three (p=.0002) at a speed of 1.6s. And, significance was found at the speed of 1.2s
between trials one and two (p=.0002), one and three (p=.0001), and two and three
(p=.0004). In all cases of significance, the latter trial had higher values, meaning that
scores increased significantly each time the test was administered. A significant interaction
was found for trial order and gender (p=.0002) with males having higher values than
females at both the second trial (p=.0001) and third trial (p=.0001). No significant
interaction was found for speed and gender (p=.56).

T ab le 4.2.

Summary Table of Trial Order Comparisons at a Speed of 2.0s

Trial 1
52.1
vs.
54.23
Trial 2
Trial 1
52.1
vs.
55.27
Trial 3
tria l 2
54.23
vs.
55.27
Trial 3
*p<0.05 adjusted

± 5.3
± 5.4

6.9

.013*

± 5.3
± 4.4

15.18

.0005*

± 5.4
± 4.4

1.61

.213
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Table 4.3.

Sum m aryT ableof Trial Order Comparisons at a Speed of 1.6s

T iS l
vs.
Trial 2
Trial 1
vs.
Trial 3
tria d !
vs.
Trial 3
pcO.05 adjusted

! 46.63
49.10

+ 8.4
± 9.2

9.22

.005*

46.63
50.03

± 8.4
± 9.6

17.50

.0002*

49.10
50.03

± 9.2
±9.6

1.32

.260

Table 4.4. Summary Table of Trial Order Comparisons at a Speed of 1.2s
Trial 1
36.07
vs.
39.47
Trial 2
tria l Ï
36.07
vs.
42.67
Trial 3
Trial 2
39.47
vs.
42.67
Trial 3
*p<0.05 adjustet1

± 11.0
± 11.5

17.51

.0002*

± 11.0
± 10.8

66.00

.0001*

± 11.5
± 10.8

15.52

.0004*

Physiological Variables
Change in Body Weight
A 3x2x4 ANOVA was used to determine significance for the variable of body
weight (kg). The adjusted p-value was set at p^.013. There was a significant interaction
between time and gender (p=.0001). This difference was found to be between genders at
time = 0 (p=,(XX)4), with males showing higher values (greater increase in body weight).
There was also a difference at 180 minutes (p=.0001), with females exhibiting more of an
absolute decrease in overall body weight. Therefore, while males had a greater weight gain
following the pre-hydration period, females were able to maintain higher body weights
following 180 minutes of exercise. No significant interaction was found for trial and time
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(p=.277) or for trial and gender (p=.375). There were no significant main effects for
gender (p=.744) or trial (p=.211).

□ 0

1.6

El 60

m a le

fe m a le
G ender

F ig u re 4.3. A Comparison of Changes in Body Weight Between Genders at Four Time
Points. (*p<0.05 adjusted - Between Genders at time = 0; +p<0.05
adjusted - Between Genders at Time = 180).
Change in Plasma Volume
A 3x2x4 ANOVA was used to determine variations in plasma volume throughout
each trial. Although data was collected at eight time points during each trial, for the
purpose o f simplifying our analysis of variance, values for both time points obtained
during a 60-minute period were averaged together yielding a total of four data sets for each
trial. The adjusted p-value of p a.025 was calculated. For this variable only, one of the
five male subjects was intentionally omitted from the analysis. This subject had values at
seven out of eight time points for plasma volume changes that were more than two standard
deviations from the mean and, thus, his data was excluded. There was a significant trial by
time interaction both with this subject’s data (p=.01) and without (p=.04), however, a
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three-way trial by time by gender interaction was eliminated without this subject’s data.
There was a significant time by trial interaction (p=.040) at the initial change time point
which occurred at the end of pre-hydration period. At this time point, the values obtained
during the glycerol trial were significantly greater than values obtained in both the placebo
(p=.009) and carbohydrate (p=.0001) trials. Further, values at this time point during the
placebo trial were significantly greater than those during the carbohydrate trial (p=.008).
Thus, the glycerol trial was associated with the greatest ability to increase early levels of
plasma volume. There was no significant interaction between time and gender (p=.054) or
between trial and gender (p=. 107). The main effect of gender was significant (p=.046),
with females exhibiting a greater ability to maintain plasma volume, regardless of time or
the hydration methodology.
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F ig u re 4.4. A Comparison of Changes in Plasma Volume By Time and Trial. (*p<0.05
adjusted- Time and Trial Interaction vs. Carbohydrate).
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Blood Glucose
A 3x2x7 mixed design, repeated measures ANOVA was used to determine
significance for the variable of blood glucose. For this variable, the adjusted p-value was
^.021. There was a significant time by trial interaction (p=.0001). Blood glucose levels
were higher at time points 60, 120,150, and 180 during the carbohydrate trial versus both
the placebo and glycerol trials (p<0.05). However, there were no differences between the
placebo and glycerol trials at these same time points. The values during the carbohydrate
trial at 90 minutes were significantly greater than the values for the glycerol trial only
(p=.007). There were no significant interactions between trial and gender (p=.586) or time
and gender (p=.594). The main effect of gender was not significant (p=.492).
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F ig u re 4.7. A Comparison of Blood Glucose Levels For Time and Trial. (*p<0.05
adjusted - vs. glycerol and placebo; +p<0.05 adjusted- vs. glycerol).
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Rate of Perceived Exertion
A 3x6x2 mixed design, repeated measures ANOVA was used for the variable of
rate of perceived exertion. There were no significant interactions between time and trial
(p=.456), trial and gender (p=.424), or time and gender (p=. 148). The main effect of time
was significant (p=.0001) demonstrating that RPE values at 90, 120,150, and 180 minutes
were all greater than those exhibited at 30 minutes. The overall mean rate of perceived
exertion at 180 minutes was 13.2 ± 2.7 which corresponds to “somewhat hard” on the
Borg scale. The main effects of gender (p=.80) and trial (p=.417) were not significant.
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Chapter Five
DISCUSSION

The purpose of this study was to examine the effects of carbohydrate, glycerol, and
water on the rate of information processing as determined by the modified PASAT test.
Physiological measures of plasma volume, body weight, and blood glucose were used to
assess hydration status and blood glucose levels in order to correlate these conditions with
information processing.

Information Processing
The primary result of this study indicated that ingesting a 7% carbohydrate beverage
facilitated mental functioning during extended submaximal exercise in the heat better than
did glycerol or water. This finding was supported by two key underlying findings. First,
although a learning curve with the mental test continued throughout the three trials, when
carbohydrate was randomly assigned to trials, it still yielded greater scores. Second, there
were no differences in RPE scores between trials, yet the carbohydrate trials produced
higher PASAT scores after 180 minutes of exercise. Therefore, it appears that even though
subjects did not subjectively rate any of the trials as more difficult, their cognitive
performance was worse with both the glycerol and water hydration methodologies.
These findings can be applied to the wildland firefighters and other individuals
who are required to perform submaximal physical exertion in heated environments for
extended periods of time. In these situations, any deficits in decision-making could have
performance-threatening, indeed, life-threatening implications. Thus, consuming a
carbohydrate beverage throughout activity could prevent deficits in menial functioning
which, in turn, could prevent serious injury or loss of life. A related finding worth noting
was that the glycerol beverage did not enhance cognitive functioning beyond the hydration
effects o f water consumption.

38
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Mental performance did not show significant decrements during any of the exercise
trials at the slowest testing speed of one digit every 2.0 seconds. One contributing factor
could have been the ceiling effect; namely, that subjects had relatively high baseline scores
(mean score = 53.63 ±4.94) in all three trials and couldn’t improve to any significant
degree.
Overall, scores on the PASAT test at 1.6 seconds and 1.2 seconds were higher
during the carbohydrate trial than during the glycerol or water protocols. This is likely
linked to the ability of carbohydrate to maintain blood glucose levels and, thus, facilitate
brain function. In looking at blood glucose values for each trial, carbohydrate did, in fact,
yield higher values at all time points, beginning at 60 minutes, than did the other two
methodologies. The speeds of 1.6s and 1.2s present the greatest challenge upon the
information processing ability of subjects. Thus, the fact that carbohydrate facilitated
cognition at this speed is an extremely meaningful finding.
Scores on the PASAT test at a speed of one digit every 1.6 seconds were highest at
the end of 180 minutes of exercise during the carbohydrate trial. Again, this is likely linked
to the ability of carbohydrate to maintain blood glucose levels and, thus, facilitate brain
function. In fact, blood glucose levels were found to be significantly higher at the end of
exercise during the carbohydrate trial compared with the glycerol and water trials. This
correlation seems to suggest that blood glucose levels greater than those produced by an 8hour fast are associated with improved mental performance. One conundrum surrounding
this theoiy comes when we analyze the data at 90 minutes. Although blood glucose levels
were also elevated at 90 minutes, PASAT scores were not significantly higher. It is
possible that blood glucose levels, although elevated, had not reached an optimal
concentration associated with increased information processing.
Both midpoint and endpoint scores at the fastest speed of one digit every 1.2
seconds were significantly higher than baseline measures in all trials. This supports the
work of Lybrand et al. (1954) who found that performance on perceptual organization
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tasks were improved following a 5-mile march with a 40-lb pack. Likewise, Gliner et al.
( 1979) observed that completion of a marathon race facilitated the performance of adult men
on a vigilance signal-detection task. Tomporowski & Ellis (1986) theorized that exercise
may facilitate attentional processes by directly affecting the central nervous system, but that
negative effects of fatigue can cancel these facilitahve effects. Thus, Tomporowski et al.
(1986) proposed that the more dominant of these two states will determine a subjects
performance level on mental tests. Therefore, it is possible that fitness level can affect the
magnitude of fatigue and, thus, determine the degree of arousal upon the central nervous
system. Based on normative data (American College of Sports Medicine, 1995), all of the
subjects in this study could be categorized as above average to superior in cardiovascular
fitness, allowing them to be less affected by exertion than a less fit group. This is
corroborated by the relatively low RPE scores at the end of 180 minutes of exercise.
Another possible explanation for the low scores is that the exercise intensity, 50% of
was relatively low. Hence, it is likely that exercise produced physiological arousal
of the central nervous system which could have overridden minor feelings of fatigue in the
subjects. The mechanism by which exercise facilitates central nervous system function is
not entirely clear. It has recently been shown that activity increases calcium levels in the
brain which favorably enhances brain dopamine synthesis. And, it is this dopamine which
modifies brain function (Sutoo & Akiyama, 1996).
The trend in scores could also be attributed to a narrowing of attentional focus,
allowing subjects to concentrate on the task at hand, and shut out irrelevant and distracting
stimuli. This supports Easterbrook’s cue-utilization model (1959) which proposed that an
increase in arousal would result in a narrowing of attention to those components of a task
that are central to performance which, in this case, was a mental task. On the other hand,
attention is then reduced in those elements that play a limited or less essential role in
performance.
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In addition to physiological causes, there could have been factors for which we did
not control that may have influenced mental performance. The degree of motivation of the
subjects or their emotional state may have influenced performance at both 90 and 180
minutes. Future studies could control for mood states or motivation at intervals throughout
the test to help determine how much of the performance increment can be attributed to nonphysiological causes.
In accordance with literature on PASAT testing protocol (Gronwall, 1977; Stuss, et
al., 1989), three practice tests were given to each subject prior to testing in order to alleviate
the learning effects. However, during the course of the project, each subject heard the
same list of numbers 36 times. It is possible that subjects became familiar with certain
sequences of numbers and, consequently, scored better. Thus, since subjects had the most
room for improvement at the speed of 1.2s, this is where the “learning effect” was most
apparent. The fact that the test was administered three times within a three hour time frame
may have contributed to the continued learning curve, as well. One possible explanation is
that with highly motivated subjects, such as these, the learning curve could persist through
the testing trials.
Although scores tended to increase regardless of hydration methodology, when
carbohydrate was randomly assigned, PASAT values were still greater than with glycerol
or water. Therefore, the constant increase in scores gives even greater power to the finding
that carbohydrate yielded higher scores at 180 minutes than the two other hydration
protocols. And, while it does not negate other explanations, the fact that scores tended to
improve with each trial at all three speeds, lends greater weight to the theory that a learning
effect was responsible for the consistent increase in scores at the speed of 1.2s.
It is proposed that the carbohydrate beverage not only increases blood glucose
levels, but it provides the additive hydration benefit, as well. Glycerol, while helping to
maintain hydration, does not provide any improvement in blood glucose. Thus,
carbohydrate has a greater net affect on mental performance in long-duration exercise.
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Body Weight Change
Body weight changes observed during the glycerol trial were not smaller than those
observed in the glycerol and placebo trials. Therefore, sub-hypothesis one was rejected.
No differences in body weight were observed between the three hydration methodologies.
Subjects displayed an overall increase in body weight in each trial, with mean changes
ranging from .46% in the carbohydrate trial to .58% in the glycerol trial. Thus, a decrease
in body weight of 2% which has been shown to elicit decrements in mental performance
(Gopinathan), was never reached. It appears that all three beverages permit subjects to
maintain levels of hydration sufficient to retain cognitive function.
Regardless of the trial, females were better able to maintain body weight following
the initial 90-minute pre-hydration period and post-exercise than were males. This
difference could be attributed to hormonal affects. However, an analysis of hormones was
not performed to substantiate this theory. This finding suggests that females may be better
able to acclimatize to heated environments by producing less sweat and/or urine output.
Since there were no gender effects for mental performance, this hyperhydrated state does
not seem to provide cognitive benefits in a trial of this length. However, the ability of
females to maintain hydration could prove to be significant in exercise trials of longer
duration or greater intensity..

Plasma Volume Change
Sub-hypothesis two must also be rejected since plasma volume values during the
glycerol trial were significantly higher following the 90-minute pre-hydration period than
during the placebo and carbohydrate trials. However, at all subsequent timepoints, no
difference was noted between the three trials. The baseline PASAT test, which
corresponds to this initial measure of plasma volume, yielded lower scores than the two
subsequent tests. So, even though the higher plasma volumes obtained in the glycerol trial
suggest an increase in hydration, they do not appear to be correlated with an increase in
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cognition. Therefore, while dehydration impairs mental functioning, hyperhydration does
not appear to facilitate cognition.
Based on the plasma volume data, it is possible that females may respond more
favorably to glycerol than do males. However, more testing needs to be done to support
this theory. Females did show a greater ability to maintain plasma volume in every trial,
again supporting the idea that females may be better able to adapt to a heated environment.
Coupled with the data on body weight, this provides physiological evidence that females
are able handle the stresses of hot, dry environments inherent to wildland firefighting.

Rate o f Perceived Exertion
Since there was no difference in values for rate of perceived exertion between the
three trials, sub-hypothesis three was rejected. In each case, as exercise time increased,
RPE scores increased. This finding disagrees with Kang et al. ( 1996) who found that
carbohydrate feedings correlated with lower RPE scores, beginning at 60 minutes of
submaximal exercise. The fact that RPE scores after 180 minutes of exercise had a mean
value of 13.2 ±2.7, implies that subjects were experiencing minimal overall fatigue. And,
as was previously suggested, the arousal of exercise could have predominated over feelings
o f fatigue, thereby stimulating the central nervous system. This would explain the increase
in PASAT scores despite the increase in subjective ratings of perceived exertion. Although
RPE scores between trials was not different, PASAT scores for the carbohydrate trials at
both 1.2s and 1.6s were greater. Thus, even though subjects did not perceive exertion to
be greater with any of the trials, their cognitive performance was significantly worse with
the glycerol and water trials. This supports the finding that carbohydrate retains mental
functioning better than the two other protocols.
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Blood Glucose
During the carbohydrate trial, blood glucose levels increased significantly from pre
exercise levels and remained significantly higher at all intervals beginning at 60 minutes.
Conversely, the glycerol and water trials did not produce any significant changes in blood
glucose levels. Further, the carbohydrate trial produced blood glucose levels higher than
those in the glycerol trial at all time points, beginning at 60 minutes. Not coincidentally,
carbohydrate feedings did not begin until 30 minutes into the exercise trial and the first
blood draw following the ingestion of carbohydrate occurred at 60 minutes. Therefore,
sub-hypothesis four can be supported.
Since glucose is the primary metabolic fuel for the central nervous system, and a
constant supply is critical for normal brain function, the connection between the
carbohydrate trials and increased blood glucose levels is not surprising. The delivery of
glucose to the brain from the blood involves its passage across the blood-brain barrier and
then across the neuronal and glial membranes (Vannucci, Gibbs, & Simpson, 1997). Two
facilitative glucose transporters are involved in the uptake of glucose in the brain: GLUTl
and GLUTS. The G LU Tl isoform appears to be primarily responsible for mediating the
movement of glucose across the blood-brain barrier, while GLUT3 is responsible for
transporting glucose into the neuronal and glial cells (Nagamatsu, et al., 1992). Studies of
glucose transport and utilization in the brain have illustrated that glucose influx and supply
into different cerebral structures is related to their metabolic needs (Nagamatsu, et al.,
1992).
Under normal circumstances, the balance between supply and demand is maintained
and sufficient glucose is available to fuel neuronal function (Maher, Vannucci, & Simpson,
1994). However, when this balance is disturbed, such as with hypoglycemia, the
distribution of glucose transporter proteins may be altered in order to accommodate
changing demands (Maher et al., 1994). Current research is looking into the exact nature
o f this translocation process.
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In cases where the balance of glucose supply and demand are altered, brain function
is compromised. Thus, when mild hypoglycemia occurs, the glucoreceptors in the brain
sense falling plasma glucose levels, the autonomic nervous system is activated, and
epinephrine is secreted from the adrenal medulla. When plasma glucose levels fall below
42 mg/dL (2.3 mmol/L), the epinephrine response is even greater (Ipp & Forster, 1987).
Epinephrine secretion is one of the body’s centrally initiated responses that attempts to
correct low plasma glucose. It is especially important when failure of other hcamones
involved in glucose counterregulation, such as glucagon, occurs (Ipp & Forster, 1987).

Implications fo r Further Research
Further testing should look at the possibility that specific blood glucose values may
correlate with mental performance. Another long-duration exercise trial should include
carbohydrate feedings sufficient to yield higher blood glucose values than were found in
this study. With this data, researchers can determine whether there is an optimal blood
glucose value at which mental facilitation occurs and beyond which cognition decreases.
Although there appears to be a trend suggesting that females may a d ^ t more
favorably to heat stresses by maintaining euhydration, there were no significant gender
differences in mental performance. Since the gender gap in plasma volume and body
weight tended to widen after 180 minutes of exercise, it is possible that a longer trial or a
trial at a higher percentage of

might be sufficient to show significant gender

differences in mental performance. Correlations can then be made between hydration status
and cognition over a longer period of physical activity.
Since a 2% decrease in body weight was not attained in this study, future
investigations should consider whether blood glucose can compensate for the deleterious
effects of dehydration. Correlations between cognition, hydration status, and blood
glucose levels would provide information about the additive affects of blood glucose and
dehydration.
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Mental performance was shown to be facilitated after long-duration, submaximal
exercise in a heated environment. Results of previous studies support these findings that
submaximal physical activity enhances the ability to perform mental work (Lybrand, etal.,
1954; Gliner et al., 1979). Based on these results, when fatigue is minimal and
submaximal workloads are maintained, even for long durations, decision-making ability is
not compromised. This has important implications for wildland firefighters who are
required to interpret their immediate surroundings and formulate a subsequent plan of
action.
In conclusion, this study revealed that a carbohydrate beverage helped maintain
mental performance significantly better than did glycerol or water. Of importance is the
discovery that subjective ratings of perceived exertion may underestimate mental
impairment. Even when individuals believe they are operating at full capacity, mental
performance could be impaired. However, ingesting a carbohydrate beverage seems to
prevent deficits in information processing ability, whereas glycerol and water do not
demonstrate this potential. Further, knowing that carbohydrate feedings resulted in a
significantly better mental performance than glycerol or water, this information should be
considered in planning the dietary strategies for firefighters and others who must perform
long hours of physical work in hot, dry environments.
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IRB REVIEW AND DETERMINATIONS
TO;

Project Directors:

Jacob Swan, Julie Puchkoff, and Brent Ruby

Faculty Supervisor: Brent Ruby
PROJECT TITLE:

"The Psychological and Physiological Effects of
Three Hydration Techniques during Moderate Exercise
in the Heat"

FROM:

Carrie Gajdosik,

DATE:

December 16,

Physical Therapy -

Co-Chair

1996

'
^73^

The above project was reviewed during the December 16, 1996 meeting
and
was
conditionally
approved,
subject
to
the
following
conditions :
1. indicate to the Board the risks/discomforts of exercising
in the heat and how they will be minimized, 2. in the consent
form indicate that the body is weighed in the nude, 3. in the
consent form remove the next to the last line of the form
which starts with "I hereby release the administrators
3. indicate where data sheets will be contained to maintain
privacy, and 4. indicate how the researchers plan to assure
privacy of the individual while urine is collected, and when
body weighing takes place.
Please submit your revisions to the co-chair of the IRB.
Please note that any future changes in the approved procedures must
be submitted to the IRB for consideration. Also, the IRB would like
to remind you that there are students on the UM campus who are less
than 18 years old, and if included as a subject would need an IRB
approved consent form signed by the parent or guardian.
Please
be
reminded
that
the
current
U.S. — Food
and
Drug
Administration regulations dictate that IRB approval expires after
one year. If data collection continues beyond 1 year from the date
of IRB approval, you must submit a "Continuation Report" to the IRB
for re-consideration and re-approval. Forms can be obtained from
Research Administration.
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FornülA.lOS

UitOnly

(RCV.2/9S)

THE UNIVERSITY OF MONTANA

INSTITUTIONAL REVIEW BOARD (IRB)
CHECKLIST
Submit ooe completed copy o f this Checklist, including any required attachments, for each project involving human subjects.
The 1RS meets monthly to evaluate proposals, and approval Is granted for one academic year. See 1RS CuidcUnes and
Froccdures for details.

Project Director:

_ D e p t:

Julie Puchkoff

Signature. . .

—\

Co*Direct.or(s):

Phone:

hhp

xS528

__________________ Date:
Dept.:_hhp____ :___ Phone; x2ii7

Ph.D.

,
Project Title:

Psychological and Physiological Effects of Three Hydration Teehntn..*>«
during Moderate Exercise In The Heat

Project Description:

negative effects of long term exercise in the heat will be studied.

(lanontechaicaHanguageirThree hydration techniques will be used to attempt to attenuate these
negative effects._________'_____ .

Please p roid e ihe dates requested below;
Date Submitted to IRB
%

1 2 /5 /9 6

•

1 / 2 8 /9 7
........................

^I^cultySupemsor:

lad in g Date

Projected Start Date

B r e n tj^ y

.

-

4 /3 0 /9 7

Dept.: HHP___________ Phone: x 2 l l 7

?hp/

Signature:_____________ ' %
(Nfy sisn tiu re n n rin n i I h it 1 h iM cn ad the IRB Checklist and attK])iner.M in d c»ree that it accuRteiy and adequiicly represents the planned
research and that I » ilt supervise this research pngect.)

Project D irector: Please complete page 2 of IRB Checklist, on back.
For A 3 Us# Only

IRB R cm' cw and Determination:
Exempt from Review

.

Expedited/Administrative Review

Approved

«s^ on d ition al approval:_________________________________________________:__________ |_______

Resubmit proposal:______________________________________________________________ _______

Disapproved:,

S ig n a tu re/IR B rhair»

D a t e : ------
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Project Information
1. In your opinion, does this project meet the requirements for Research Exempt from Review as outlined
in Section B o f the IRB Guidelines and Procedures?
___

1

Yes

X . No (Complete kfometioit below
and attach IRB Summaiy, clevcit items)

(Complété infonnatioa belour
end attach tjuesiiottitaiie/instnameitt)

Human Subjects. Describe bnefh:

■ and a c t i v e ,

a n d h a v e a V02

a g e d m a l e s and f e m a l e s who a r e a p p a r e n t l t y h e a l t h y

45 m l / k g /m in .___________________________________________________________

Are any o f the following included? Check oil that apply.
Minors (wtdcr a « 18) — ------- — — . If YES, spedfy age rangc(s): _
______________________
Members of physically, psychologically, or socially vulnerable population?
.
:

3. How aie subjects selected/recniited?

* p « -p a rtlc lp a tlc .n health questionnaire aw

graded exercise test to assess whether or not subjects fit the above description.

4. Identification of subjects in data.
JL Anonymous, no identification

__ Identified by name and/or address or other

5. Subject matter or kînd(s) of information to be compiled firom/about subjects.
Describe briefly:
b lo o d g l u c o s e ,

h is to r y , p h y s io lo g ic a l v a r ia b le s

( h e a r t r a c e , b o d y w e i g h t , o l a s a a v o lu m e ,

c o r e te m p e r a t u r e ) ' p s y c h o l o g i c a l v a r i a b l e s

(I n fo p r o c e s s in g a b i l i t y )

Is information on any of the following included? Check all th a appfy.
___ Sexual behawor
Illegal conduct
. Alcohol usc/abusc
_x Drug use/abuse
Infonaation about die subject that, if it became knovfa outside the research, could reasonable place the subject at risk
o f criminal or civil liability or be damaging to the subject's fbandal standing or employability.

6. Means o f obtaining the information. Check ail that apply.
_ x Field/Laboratory observation
_ Mail survey (Aiuch qges«ionn»>re/m*in)meni)
_X Tissue/Blood sampling
__ 0?-site survey (Auach que*iioi>n»ire/insirwmcni)
Measurement of motions/actions_______________________ __ Examine public documents, records, data, etc.
In-person interviews/survey (Aiuch qve«iotvM>T*r»i«in)menO
Examine pri^te documents, records, data, etc.
Tefephone interv-ieu-s/survey (Attach quMtionnaire/jiatrvment) .JEUse of standard educational tests, etc.
_ _ Other means fspecifvh
____________________________________________________________________

7. Is a written consent form being used:

JL Y es (Attach eopj)

No

8. Will subject(s) receive an explanation of the research before and/or after the project?
2L-YeS (Atuch copy)

No

T hrough t h e u s e o f a c o n s e n t form and o r i e n t a t i o n m e e t in g .

9. Is this p a r t ofyour thesis or dissertation?
If y e s

____

J L Y es

No

date you successfully presented your proposal to your committee:
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Informed Consent Form
The physiological and psychological effects o f 3 hydration techniques during long-term
moderate exercise in a heated environment
P rin c ip a l In v e s tig a to rs :
C o -In v e stig a to rs:

Julie Puchkoff

Brent Ruby Ph.D.

L o c a tio n :

Jacob Swan
Brian Sharkey Ph.D.

Human Performance Laboratory
McGill Hall #121
The University cf Montana
Missoula MT 59812

The purpose of this study is to study the effects of three different hydrating techniques on
physiological and psychological variables during long term moderate exercise in a heated
environment
Participation in the study will include:
1) Orientation meeting and Pre-Screening Health Assessment. This will involve filling out a
health/exercise history questionnaire, so that only apparently healthy, active individuals will
be used for the study.
2) A graded treadmill test to exhaustion to determine maximal ability to consume oxygen.
This will take place in the Human Performance Laboratory, McGill Hall #121 and requires
one to run at progressively increasing speed and grade until exhaustion. During the test, a
mouthpiece will be used to monitor gas exchange. A chest strap with electrodes will also be
worn to determine heart rate.
3) Prior to the actual performance trials, subjects will be required to come to the Human
Performance Laboratory on two separate occasions so that the mental performance test can
be administered a minimum of three times. This will permit subjects to become familiar
with the test and minimize the effects of the learning curve.
4) Three exercise trials approximately 3-4 hours in length consisting of treadmill walking
and simulated line digging in a 90®F environment. Prior to this there will be required an 8
hour period of no foods, liquids, caffeine, or tobacco products. Also, no exercise will be
allowed 24 hours prior to each exercise trial. There will be a 90 minute pre-hydration
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period before the exercise trial where the subject will ingest one of three liquid solutions.
Subjects will also be given either water or a carbohydrate drink throughout the trials. Both
the investigators and the subjects will be blind as to which solution they are receiving.
Also, all solutions will taste the same so as to be indistinguishable from each other.
5) At set time points throughout the trial an intravenous catheter will be used for blood
samples (each sample will be either 3mL (.6 tsp.) or 7 mL (1.4 tsp.), and the total amount
collected per trial will be 44 mL (8.8 tsp.)); electrodes will be used to monitor heart rate;
urine samples will be collected; nude body weight will be measured; a metabolic cart will be
used for energy expenditure measurements; and a rectal thermometer will assess body core
temperature. Urine collection and body weight will be obtained in the heat chamber with
curtains over the windows to ensure privacy.
6) Mental Performance tests will be administered through the use of a tape recording at
preset intervals throughout each trial. Tests will require the ability to add pairs of single
digit numbers and verbally respond.
It is expected that some discomfort, such as muscular fatigue, will be felt during the
exercise trial. Discomfort will be kept to a minumum by giving liquids throughout the trial,
and following appropriate guitklines. Risks of participation are minimal and may include,
but are not limited to: loss of consciousness and stroke (0.05% of the time), heart attack
and death (0.005% o f the time), musculoskeletal injury, or muscle soreness. These risks
will be kept to a minimum by using appropriate guidelines, sterile instruments, and trained
investigators. Blood sampling can sometimes be associated with risks of bruising (10%),
infection (<1%), and clotting problems (<1%). All testing and blood sampling will be
conducted by the principal investigators and other trained staff. Catheter insertions will be
performed by Brent C. Ruby Ph D. or other trained phlebotomists. All results and records
will be kept confidential and locked in the Human Performance Laboratory under the
supervision of the pincipal investigators.
In the event that you are injured as a result of this research you should individually seek
appropriate medical treatment If the injury is caused by the negligence of the University or
any o f its employees, you may be entitled to reimbursement or compensation purauant to
the Comprehensive State Insurance Plan established by the Department of Administration
under the authority of M.C.A., Title 2, Chapter 9. In the event of a claim for such injury,
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further information may be obtained from the University’s Claims Representative or
University Legal Counsel.
I have read the above statements and understand the risks involved with this study. Any
questions which may have occurred to me have been answered to my satisfaction. I
understand that if I have additional questions I can contact Jacob Swan at home (7286768), Julie Puchkoff at home (549-8311), Brent Ruby at home (542-2513) or at the
Human Performance Laboratory (243-2117) at any time. I understand that participation is
strictly voluntary and that I may withdraw from participation at any time without penalty.
Name of Participant

__________________________

Signature of Participant

__________________________

Date

(by signing, the subject certifies that
he/she is at least 18 years of age)
Investigator Signature

Date
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The physiological and psychological effects o f 3 hydration techniques during long-term
exercise in a heated environment
P R E -P A R T IC IP A T IO N H E A L T H Q U E ST IO N N A IR E
NAME

AGE_______________

ADDRESS
PHONE

h-

w-

I N C A S E O F E M E R G E N C Y C O N TA C T:
NAME

RELATION.

ADDRESS

____________________

PHONE____________ A-_________________

w-

M E D IC A L H IS T O R Y / PH Y SIC A L P R O F IL E
1. Have you experienced any of the following: (checkall that apply)
High Blood Pressure_______ ______ Diabetes

Chest Pain

_______Heart Problems__________________ Stroke

High Cholesterol

_______Family History of Heart Disease
2. Are you currently: (check all that apply)
______ A smoker
using non-prescription drugs (i.e.- aspirin)
If yes, what/how often?_______________________
Engaged in recreational drug use (i.e.- marijuana)
3. Are you currently under any prescribed medication (including oral birth control)?.
If yes, what?_____________________________________________________
4. Have you ever experienced a head injury?_________________________________
If yes, are there any lingering effects or symptoms?.

E X E R C IS E H IS T O R Y
1. Describe the types of exercise that you currently do.
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2. How often do you do these types of exercise?

3. Do you have any bone or joint problems that may be aggravated by long term exercise?
If yes, please explain.

MENSTRUAL HISTORY (females only)
1. When was your last menstrual cycle?(month, day)_____________
2. How many days separate your menstrual cycle? (i.e. 2830)___________
3. Are the days between your cycles very regular? (i.e. always 28,30 days),
4. How many cycles do you average per year? (i.e. 1 per month)_________
5. Would you explain your cycles as very regular? If not, explain.________

*** Is there anything that may limit your performance in the study that has not been asked?***
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PASAT Administration Guidelines
1.

Give the following instructions verbally:

Y ou w ill hear a list o f single numbers read one after the other. I want you to add the
numbers in pairs and give your answer aloud. Add each number to the one just before it,
not to your answer. Add the second number to the first, the third to the second,and soon.
2. Give written demonstration using the following example until the subject understands what
to do:
6

2
(8)

5 1
(7)
(6)

3
(4)

9
(12)

4
(13)

7 2
(11)

8
(9)(10)

Begin Tape
3.

Digit Span

4.

Practice Trial (10 item) (record response)
3

5.

(record response)

2
4
6
1
(5) (6) (10)

3
(7)

2 -7 -3 -6 -1

5

7
(4)

2
(8)

9
(12)

(9)

(11)

Give the following instructions verbally:

Now w e w ill try the first trial. This first one is just as fast as the practice part you have
ju st done, but it is a lot longer, six times as long. Don't worry if you make a mistake or
leave som e out. I want to see not only how long you can keep going without stopping, but
also how quickly you can pick up again if you do stop.
Approximately 30-sec rest interval between trials.
Discontinuation Rules:
-must be able to do written example.
-must get 20 or more correct on 2.0-sec. trial.
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Time interval, t =

Date

2
7

2 .0

1 .6

1 .2

2 .0

1 .6

1 .2

2 .0

(9 )

9

(1 1 )

2

(8 )

3 (1 0 )

7

(1 6 )

7

(9 )

4

6 (1 3 )

5

(1 2 )

8 (1 2 )

5

(1 1 )

9

(1 4 )

1

(9 )

8

(1 3 )

2 (1 1 )

5

(6 )

1

(9 )

6 (1 1 )

4

(5 )

9

(1 5 )

1

1 CIO)
3
6

(7 )'

3

(5 )

9

(1 2 )

(5 )

7

(1 6 )

2

(3 )

4

(1 1 )

(4 )

6

(8 );

5

(9 )

(9 )

3

(9 )

7

(1 2 )

4 (1 0 )

7

(1 0 )

6 (1 3 )

3

(7 )

5

(1 2 )

8

(1 4 )

2

(5 )

8

(1 3 )

1

(9 )

7

(9 )

3

(1 1 )

3

(4 )

8

(1 5 )

9

(1 2 )

1

(4 )

5 (1 3 )

1 (1 0 )

9

(1 0 )

9 (1 4 )

4

(5 )

2 (1 1 )

4 (1 3 )

8

(1 2 )

2

6 (1 4 )

(6 )

Total correct

...

5

1 .6

1 .2

(7 )

6 (1 1 )

Tiine/response

2.0 sec pacing
1.6 sec pacing
1.2 sec pacing
Total tinne
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